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RADIATING DEVICE FOR HYPERTHERMIA 

BACKGROUND OF THE INVENTION 
This invention concerns a radiating device for hyper- 
tbcnni. and, more particularly, » radiofrequoicy radiat- 
ing device, for hyperthcnntl treatment of tumors of the 

"ifcvlces for hypertnermal treatment of various 
human body Obsesses are already )c °°^J^Z^_ 
heating liquids fight radiation*, radxrfrequency anten- 
nas, thermston. and to on. , , , 

US. Pat No. 4,776,334 describes a catheter fortreet- 
ins tumors by inserting within me tumor to be treeteda 
radiofrequency device provided with temperature sen- 
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Trench p*^tapplk^2^«o^«^ 
ratus for light irradiatioa of a cavrtywim the help of an 
inflatable baDcon and of fight sensors. » 

fa VS. Pat No. M54^ there » dea^ e mdKH » 
frequency resonat-I circuit which "Jf^*** » 
natural cavities of the body or directly mserted mto the 

"^auTpatent af>pBcation No. 2Jtt.O« dmm 

^^M^s^SsSitX 
moctat EP-A-0 370 WO «scloea» a '"T^ 

device for h yptiUmiuia iodadat a camctar pro vidcfl 

more Hqoid flow* passing therettawsg*. • radtofre. 
onency radiating antenna, and one or morej 

^ jadiatmg "•""^f^j^^dEld , 
iaid hqnid flow coming back from the cl oned 
end of the antemu. The radiating device compnses m 33 
afh fi^««» a separate rectal control means. . 

OB-A-2 045 620 relates to as appBcat or for hyper- 
thennia compmmi a rectal radktmg probe ana a 



mre searing menus «d « j^^fS^JS. 40 
No. 4,937,765 dkckees • ^^"^.^"vJSS 
cator for Iryperthenma ndudai ^ 
type catheter coaiprising closed **<*^" f* 1 * 0 )^ 

STatweB att^LnSe oSJe t*t fcr urine. 45 

Itia«objectoftha»i»ve^ 
hvoerthermal treatment of tumors witmn natural onvv 
S 0 SS^bod,.wlu^«^^«^ 
the known devices while being free lrom th« draw- 

Pt CTl i 

SUMMARY OF THE INVENTION 
Tto Arnvkm m ^ M r ttin l to ttm inveatioa w tw iiniiilly 
a fledble triple path ctfhete. 
___ ryw^t antenna, seeHngly sheathed to- 33 
-etner wS the shielded cable providing power supply 
and with several thermc<xxn>es wittai • P^^ 
and surrounded by a flow of £* 

BK5CC ^ which are flooded *^^*"J " 
Bouid, and a third path aUowmg a flmd 
toorder to inflate a balloon located near 
S^lSdVonce the laser h» been introduced into the 

^tSSn* be de^ed »~P«*^« 
the following based on a ^fJ^fSS,^ 
resorted herein for exemplary and non Umrtmg pur- 
jSCa. as on theattached schematic drawmgs. In 
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connection with the above it should be pointed ; oar that 
Stowing* the parts shown are not to wle-dAe 
S dimcn^n* are out of proportwn, the members 
having in fact a very thin cross-section. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1 shows schematically, in an enlarged scale, the 
distal end of the device according to A» mvermon 
vSch to to be introduced into a natural cavity of the 

the radiating antenna, taken along hne A-A«™.Z, 
F1037. schematic of the P*™^f? 
20 vi« ^cording to this invention, oppoarte to the distal 

"hgX j^fe intensity of the radiation geoer- 
atedS raSatmg antenna of FIG. 2. along the kmjp- 

device of FIG. 1. a. « k seen after having been intro- 
duced into a urinary bladder, and . .w. ji^-i 
TO " abows schematically the structure ****** 
end S the device shown in FIG. I. when ready for 
introduction into the organ to be treated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
The device according to tl«s jn ventic.ha^sh^e 
and consistency of * todbk <*^ w ^^fi 
a^tSEwntalTOae^ 
T^cSd by a How of liquid ? which* Mtari 

40 into tnecatheter through at «• S ^^?i 
i, fa, communication who a second way orc*beter«de 
SSSshouring the lead* of sevens **%>°°*»2 

^c^^^^WjOwhoae 

tip b s^w^FW^ ha. three diverging 

_ hooding to the three paths »J*^^LiSt 
eattae? Within center mlet 10 there b uisertedwrlh a 
ft. ptagU provided with, center through 

SSa« and wSha «dTb«nch 13; in center paaaage U 

„ 5^»prc^a.weBwhhacenterci>en«gl& 
«^^cabk 16 supplying power to antenna 1 runs 

Swiranged riufsTwhile aide branch 13 » provided as 
„ iE5 ancSlet of a conditioning flmd flowing 
« .long channel X Tliermccocple power *^ * 
" 6^ are hid through side «r*an« 17 * 
K ' -,-ti it. and they run along side path or channel 5 
i££ sL*ccJd^^. flowing m a reverse 
direction therethrough, said liquid entermg and exitmg 

iHSSS' with » one-way valve » formtroducmg 
fefiad that, flowing along second side channel 8, a 
used to inflate balloon 7. 
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Slightly downstream from said three entrances 10, 17, 
19 there is provided, in a sleeve-like fiashion and in inti- 
mate contact around the catheter body, a heat ex- 
changer 31, operated in a known fashion from outside, 
and used to cool or to heat said condttkaing liquid 5 
flowing through central channel 2 and coming back 
through side channel 5, or viceversa. 

Referring now to FIGS. 2 and 2A, radiating antenna 
1 will be described more in detail; the useful radiating 
portion of linear dipole antenna 1 comprises a terminal 10 
coil-shaped segment 21 of central conductor 22 which, 
immediately upstream from coil 21 is tightly sur- 
rounded, in sequence, by a first plastic inner sleeve 23, 
by a metal braiding 24, by a second intermediate plastic 
sleeve 25, by a metal cylinder 26 electrically connected IS 
with shield 24, and eventually by an outer plastic sleeve 

^immediately beneath sleeve 27 there is provided the 
power supply cables for several thermocouples located 
in a way suitable to detect the operating temperatures in 20 
predetermined positions of the antenna and of the 
power supply cable thereof. Fox instance, a first ther- 
mocouple 2ft may be located m the position of the 
stretch of catheter wmch will be tocated at the prostatic 
urethra when the catheter with its antenna are inserted 23 
within the bladder, a second thermocouple 29 slightly 
upstream from antenna 1, at the bladder neck, while a 
third thermocouple 30 is located close to central con- 
ductor 22, between metal cylinder 26 and end coO 21, 
after having been wrapped with one or more coils 30 
iroond ihifld 24 imnW^^ "p***—* from mtermedi- 
ate sleeve 25 and metal cylinder 26, and a second time, 
win a larger number of coils, around the stretch of 
central lead 22 projecting out of metal cylinder 26 be- 
fore winding up to form end coil 2t the stretch of ther- 33 
mocoopk 36 power supply cage comiectmg said two 
points being inafrtrd with intimate contact between 
intermediate sleeve 25 and metal cylinder 26. 

In any case, the end stretches of the power supply 
cables, immediately ahead of the thermocouples, are 40 
wrapped in a number of helical cotomoidertoincrease 
the thermal capacity and the radkrfrequency resistance 
of die ends which are designated to detect the tempera- 
tore, while reducing to a minimum, or completely 
avoiding the dispersive thermal conduction along said 43 
cables. 

In FIG. 1A, which shows schematic a lly a cross-sec- 
tion of the catheter according to this mventiotu taktt in 
any position of the stretch going from heat exchanger 
31 to intermediate sleeve 25, there k shown skk channel 50 
5 carrying the power supply cables ofthenw>coupka6, 
6\ 6" and side channel ft for die flow of the fluid used to 
inflate balloon 7, both said channels 5 and ft being man- 
aged within the thickness of the actual catheter whose 
hnnrr 2 intended for the flow of the conditioning 35 
Squid carries, in a central position, shielded cable 16 
co mpr kc d of central conductor 22, inner sleeve 23, 
shield 24 and outer sleeve 27, as well as inner thermo- 
couples 2ft, 29 and 30 power supply cables (not shown). 

FIG. 2A is a schematic cross-section of antenna 1, 60 
+«tr~t along line A — A of FIG. 2. The following are 
shown therein, starting from the center: conductor 22, 
inner sleeve 23, metal shield 24, an intermediate sleeve 
25, a metal cylinder 26, and outer sleeve 27, as well as 
thermocouple 30 power supply conductor. 63 

FIG. 4 is a diagram showing the radiation intensity 
starting from the coil-shaped end 21 of antenna 1 
towards shielded power supply cable 22, 16, As it is 



TL7Z^*rZx<he J*Wcm of shielded cab e 14, 
5 nJSon oTSe-tbeter proved with a 

vtkb onto tta po»o "Jg^frifL 

balanced « wffl, ia wen a way «» ^! 

to^^ttepwiyww" « order to 
» introduced in ei^'^^.l^t^'^dlA- 

rCSJSSSfhaJbe- compUtaiy filled with ceo*- 



-fflSvitolly «^™?™5"£^iL7uadder neck 

tkM. The inflated balks 7 protects me w«^~» "J* 
JToom heat canted by the prarinoy of the 



wall flrom an ■ ■■«- » ■ •— »- .s- 

50 radiating antenna, and in the »» t «^*fT^ , iz! 
aSetar ftoa beb» aceJdentaOy displaced or from 
mtec out through the bU*kler neck. 

antenna 1 are each that it «ay be 



«~j v noaitkned'aloBi the catheter while being obvi- 
35 Sy'wSy^S ^^^^^ 

^^aiSeS^^^S to 

eelb. Since die physical length of » «»*?^" 



tkx involving tae uup i it «>_ u *T~r^ZIZ eBt imdi. 
the impeoence deriving from the "Y" 0 "^™. 
^ bytoetttenn*. the antenna f^^^^^f 
«rTto bTinverjely proportional to the irradiated me- 
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physically quite shorter than the length needed if it 
were necessary to opente in air* 

The dipole according to this invention corresponds to 
a dipole of the quarter wave type and in the aqueous 
environment comprising the solution filled bladder, h 5 
m ik tt rt possible to operate at frequencies m the range 
of 9OCMO0O MHz; in particular, a frequency of 915 
MHz has been chosen since very different frequencies 
would result in penetration, intensity, and other effects 
not always exactly predictable and controllable in the 10 
body tissues, since in general high frequencies have a 
low penetration power and therefore they do not pro- 
vide the desired local beating, while lower to******** 
having a higher penetration power, may get deeper 
tissues involved and damaged. l * 

On the other hand, radiations having different wave- 
lengths might create a disturbance for radioand tele- 
phone communications, pro te cte d by ounsiiainu mi- 
pceed by the legislations of the varw 

lsoniertoree^toasmmmmandpcaaibly toml 20 
the influence of the radiofrequency fiaU « the thermo- 
couples, as well as the various thermoelectric effects 
connatural with said thermocouples, the supply cable 
end stretches close to the th er mo cou ples are wound 
into mi helical shape whereby the tempentfure men- 25 
sured in the various sensing points is a " " J ~ 
unaffected by mid mfiuenoaa. The above i 
stractkm prevents umasnring errocs dae to < 
it provides a reliable lempeitture mdkatkm, for in- 
stance exactly m the ar mrftihejgp ek power^pty 30 
posrtiou m the case of thermocouple and it reduces 
in an extremely effective manner the jh*imu4wmle 
serf-heating process doe to radMfreoqancina, also when 
there is as extremely high luttu nfrarinn of energy* 
whereby said stru ctures are almost unaffected by the 33 
disturbances m the redi&^r^aipssocy field* 

Smce the sizes, and in particular the cross-sections of 
the plural device components according to this mven- 
tion must be extremely small, to suit the particular field 
of use desired for the device, the energy kisses due for 40 
instance to setf-heating of the antenna power supply 
cable are pertfculaxiy high, for mstaoce m die range of 
XM0%. Since tins undesirable adf-haatmg, dne to the 
Joule effect, might cauee ewwf^^w 
thr»i mmll^ mm! a um i dm giv a lU a uomfott for the p a t en t 45 

ously cooled, while in operation, by uting the coodi- 

tkmmg liqaid flow dkectnd to the bmdder and then 

wimdnwnagam therefrom, wmweby a simultaneous 50 

cc«tztanctkmbobtamed,forcc«trolm^ 

turn prevmm* both m the liquid ^^^N"*^** 1 

•Wtj tfct a u thin * Temperatnre control is effected by 

varim^tftheccmlfcic^B 

me coofr* somxe ini| I» «h a way it is 95 

t both to mcrease the temperature and to witb- 



^order to enable outer thermocouples i> J^for 
detecting the bmdder watt tempcrator^to-be^^ 
deflected outwards whenfeaDoocaf? tt mfiated, the 60 
power supply cables thereof are rdrtforced atag thek 
whole length by inserting within the protecting sheath 
thereof a thin stainless steel wire providing them with 



the required rigidity and ftexmOity. Tbepreaenceofmid __ 
reinforcing wire provides as weOtbej t&wnocouple 65 
power supply cables with the morhatriflal stren gth ne c- 
essary to bear the compressive and tensile stresses 



caaaed when the cables are inserted within side ch a nnel 
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S, and when thermocouples 6, «\ 6" are Hid in the de- 

is introduced into the urethral channel ail tte ^ "> 
5 SJ TbtaddeTthe ends of outer thermocouples * *, « 
nretec^upstream of balloon 7 through opening 4 are 

banoon 7, hi one or more notches P*^*'"^™* 
SyleVin stable positions a«ordmg 
,0 Sdyorgan.or the particular '"JffvSE 
t« th* attheter end, as it a shown m MO. wnen 

co^out&^theno^-^W^SnSwS 

,< ^iT^TitoSad layer substantially stationary, 

.nee it cling, to the t^beca^lff 1 
2££o«, while the coil shape of the 
SSeVmcre-e. the therm^lc^tyrf^bermo^ 
30 couple whose diameter, iaelutrveofthe 

thsnOJ mm whereby the thennoewpte is ""^te^ 
X^fed within the liquid stationary layer havmg a 
shici^rfapiJrc^a^l mm. dtaeeuA ^ 
After the thermocouples have been aeneraeu w» 

location by perforata! pushing and/or putting 

cont a ining them- Control w q» L ~g~ . Utto «_ 
40 on SeWadder waDs and/or withm the ****** "J 
Sd£a», is obtfned by changing the flowme of»d 
^Sfiom few cubic centimeters per minute 
SuTof cubic centimeters per minute. The circulated 

^Strataedo* by the continuous flow and* 
£«ted to the outer eavironment in » jW^" 
„ rfthecflterpamptag circuit. In addition, the 

S. and the eminent thereof ^TSSfS 
Serdore from canting undesirable reactxms wtthm the 

55 C t^^beremth«anthe^^- 

Jxn^xxni***** contacted by ^ 
^XtheW^aiesealir^y^s^h^a^l 

S^thTouter environment by a porytetraftaoroethyl- 
<0 SymS be sterilized for subsequent further use. 



